Abstract. Space trusses are three-dimensional structures made of steel bars very frequently used at the roof construction. The bars, with tubular section, are linking in the 3D form by connections. There are several types of connections to attach these members. The most economical connection is the staking end-flattened connection, also called typical node. The reduced cost and the fast assemblage of the truss are among their advantages. However, such connections present disadvantages like eccentricities and stiffness weakening of the tubular members. This research presents suggestions of reinforcement and constructive correction in the connection in order to increase its capacity. The base for this is the reduction of the eccentricity in typical node applying the spacer. This spacer was made by polymer composite with sisal fiber. In this work was developed experimental lab tests in prototypes with fifty four meters square of area. The results show an increase of 26% for collapse in the truss load carrying capacity when the suggested changes proposed in this article are used for the staking end-flattened connections.
Introduction
Space trusses are three-dimensional structures frequently used at the roofs construction. These structures consist of steel bars, connected by bolts at nodes. There are several types of connections to attach these members. In Brazil, the most widely connection, utilized in 3D trusses are the staking flattened-end connection (Fig. 1) . The advantages of the flattened-end connection are cheap and fast installation. However, such connection has disadvantages like eccentricities and stiffness weakening of the tubular members.
In the first stage of this research was presented suggestions of reinforcement and constructive correction in the connection in order to increase the load capacity [1] . The base for this is the reduction of the eccentricity in typical node applying the spacer. Initially the spacer was made of steel. The experimental tests showed that the implementation of spacers increased in 46% the prototypes strength to withstand local collapse [2] . In the actual stage of this work, sisal fiber was applied in the spacer in order to reduce the cost of steel.
Initially was proposed the correction of the eccentricity E 2 by the application of a spacer between diagonals and parallel chords. The purpose of the spacer is to make the diagonal axis and chord axis meet in the same point (A=B). The detail about distance "d" (Fig. 2) was presented in Freitas [2] . 
Prototypes geometry
The aim of this research is to compare structures with typical node and structures with Sisal fiber reinforcement. This study was carried out by experimental investigation of 3D trusses. Prototypes measuring 54 meters square area were used. The prototype truss was made of pyramidal units connected by nodes corresponding to pyramid vertices. Each pyramid has a square base with length of l= 1500 mm and height of H= 1061 mm (Fig. 3) . The truss steel tubes have 38 mm (1½ in) of external diameter and 1,20 mm (0,047 in) of thickness. The tubes are made of Brazilian steel known in industry as MR250 [4] which is equivalent to the ASTM A36 [5] , with properties: yielding stress, 250 MPa; modulus of elasticity, 205000 MPa and Poisson's ratio 0.3. Taking into account the truss dimensions, the spacer is found to be 21,50 mm (7/8 in) thick. The adopted diameter of the spacer was 76,2 mm (3in). And plates with 4,76mm (0,18in) of thickness were reinforced the node. 
Spacer with Sisal fiber
Fiber Reinforced Polymer (FRP) is a composite material made of a polymer reinforced with fiber. It is use in the aerospace, automotive, marine and construction industries. The polymer is usually an epoxy, a vinylester or polyester thermosetting plastic or phenol formaldehyde resins. The fibers are usually glass, carbon, basalt or aramid, paper or wood. In this work was applied polyester polymer reinforced with Sisal Fiber [6] . Sisal is a species of Agave with the botanical name Agave sisalana (Fig. 4) . The sisal fiber is traditionally used for rope and twine, and has many other uses. Among the various natural fiber, Sisal is interesting to use in composites. It is because have high impact strength besides having moderate tensile and flexural properties compared to other lignocellulosic fiber. After the extraction of sisal this is put to dry. In this research the steel mold was used and completed with Sisal (Fig. 5) . Next, polyester polymer was spreaded on dry Sisal until complete the mold (Fig. 6 ). After two hours the spacer was extracted (Fig. 7) . 
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Experimental program
The prototypes were tested in the Structural Laboratory at the Federal University of Cariri (UFCa). The corners of the prototype trusses were fixed on a very stiff steel column. A downward vertical load is applied to the nodes. The Fig. 8 shows the complete assembly for the lab tests. The experimental program seeks simple quantitative and qualitative information on space trusses, taking into account two different nodal types (Fig. 9 and 10) . Four hydraulic jacks and one hydraulic pump were used. The load was gradually applied by hydraulic jack (Hidraumon with load capacity of 15ton or 15000kgf). It was controlled by hydraulic pump (Hidraumon of 3CV and 700bar) and their components, such as electric engine, oil compartment box and control valve. The measuring system of the displacement were composed by Dial Test Indicator (DTI), DTI Support, Load cell (RS-5000 Excel -maximum of 5000 Kgf) and Reading panel (HBM WE2108). One experimental truss prototype was built with typical node, after that, the same prototype was reinforced by sisal fiber and tested again. The prototype have a rectangular base of 6,0 x 9,0m wide and 0,94m high, with geometry as outlined in Fig. 5 . Tube dimensions and material properties were specified previously. At the four nodes, the pulling load Q is produced by the cable which is attached to a hydraulic jack. Load values are controlled with the load cell. The hydraulic jack has 160 kN on load capacity and the load cell reads up to 100 kN with 0.1 kN precision. The cable pulls the prototype downwards in load-steps of 1.0 kN. After every given load step, readings of the total load and displacement were measured in node where loads are.
Experimental results
In this research, global collapse is the instant when any small load increment is no longer taken by the probed prototypes. Global collapse is also characterized by the buckle of critical members under compression and bending combined. In Fig. 11 the experimental results were plotted with results stating typical prototypes collapse at Q = 23,4 kN (4 x 5,85 kN/ node) and node with reinforcement at Q =29,7 kN (4 x 7,43 kN/ node), for an addition of 26,9%. For the same load level, it was observed that trusses with typical nodes presented greater displacement than the prototypes with reinforcement. In fact, in Fig. 12 , corresponding prototypes with typical node showed excessive wrinkling and displacement of about 106 mm with the load of 23,4 kN. For prototypes with reinforcement no excessive deformation was observed in node (Fig. 13) . 
Conclusion
The experimental tests showed that the implementation of spacers (sisal fiber) increased in 26,9% the prototypes strength to withstand local collapse. Though, is expected to gain strength is greater, because in this study the prototypes were reused. After the tests with typical prototypes, were removed the damaged bars and adding the sisal spacer, next was tested again with this reinforced configuration. This research will execute new prototypes without reuse.
